Abstract: Introduction: Although several studies have investigated the relationship between ABO blood group and medical diseases, few reports have explored the association with oral diseases, including periodontal disease (PD). Aim: The aim of this literature review was to assess the association between the ABO blood grouping and PD. Methods: We searched PubMed and Google Scholar databases using the following terms in different combinations: "ABO blood group," "periodontitis," "aggressive periodontitis (AP)," "risk factor," and "Rhesus factor." Databases were searched for articles published from 1977 to August 2016. Titles and abstracts of articles were screened for English-language papers describing clinical studies, case reports, or retrospective studies of oral health status in patients with different ABO blood groups. Letters to the editor, historic reviews, and articles including unpublished data were excluded. Reference lists of included studies were reviewed for additional original and review studies. Results: We identified eight articles describing studies of the relationship between ABO blood groups and PD. The findings suggested a possible genetic basis in the association of the blood group AB with AP. Four studies showed that chronic periodontitis was more common among patients with blood group O. Conclusion: ABO blood subgroup and Rhesus factor could constitute risk predictors in the development of PD.
Introduction
Periodontal diseases (PDs) comprise a group of heterogeneous conditions involving inflammation of the alveolar bone, periodontal ligament, and gingiva. PD is typically caused by bacterial infection following the accumulation of dental plaque. PD can lead to destruction of the structures surrounding the teeth when left untreated [1] . In addition to the infectious etiology, increasing evidence suggests that PD may involve a chronic immune-inflammatory response. PD has been associated with various environmental and host factors, including diabetes mellitus and smoking habit. Severity of PD does not appear to be strongly associated with the amount of bacteria in plaque, and some researchers have suggested a possible role of genetic effects [2] .
ABO blood grouping was first described by Karl Landsteiner in 1900, based on the presence or absence of specific antigens on the human red blood cell (RBC) membrane. Blood type is classified as group A, B, O, or AB depending on whether the RBC membranes contain antigen A, antigen B, neither antigen, or both antigens, respectively [3] . In addition to its importance in blood transfusion and organ transplantation, ABO blood grouping influences other physiological characteristics [4] . For example, group A has been associated with increased risks of gallstones, colitis, and certain tumor types [5] [6] [7] , whereas non-O blood groups have been associated with cardiovascular diseases [8] [9] [10] , including ischemic heart disease and atherosclerosis [9, [11] [12] [13] .
Few studies have investigated the association between ABO blood groups and oral diseases, specifically PD. The aim of this literature review was to assess the association between the ABO blood grouping and PD, and to elucidate the possible underlying mechanisms for such an association.
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Materials and Methods
The focused question of this study was "Is there a potential relationship between PD and ABO blood group?" To address this question, we searched electronic databases, including PubMed/MEDLINE (National Library of Medicine, Washington, DC) and Google Scholar, for articles addressing the potential relationship between PD and ABO blood group. Databases were searched for articles published from 1977 to August 2016, using the following search terms in different combinations: "ABO blood group," "periodontitis," "gingivitis," "aggressive periodontitis (AP)," "dental health," "risk factor," and "Rhesus factor." English version of papers describing clinical studies, case reports, or retrospective studies of oral health status in patients with different ABO blood groups were considered for inclusion. Letters to the editor, historic reviews, and articles including unpublished data were excluded.
Titles and abstracts of obtained articles were screened by the author. Full texts were obtained for articles deemed to be relevant and were independently evaluated for the stated eligibility criteria. Reference lists were hand-screened for additional original and review studies. As only a limited number of original studies addressed our focused question, we structured this review to summarize the pertinent information.
Results
Our search retrieved eight papers from the literature. Table I summarizes the major features of each study. Association of ABO blood group with incidence of AP Although AP generally affects systemically healthy individuals [14] , the disease has been associated with several genetic and inherited disorders. One potential marker of risk of AP is human leukocyte antigen (HLA) A9 or B15. Patients with these HLAs showed 1.5-3.5 times increased risk of AP compared with patients carrying other HLAs [15] .
Only three of the reviewed studies investigated the relationship between AP and ABO blood groups. Kaslick et al. [16] found a significant association between increased incidence of AP and blood group B, while in blood group O found reduced incidence of AP. Arowojolu et al. [17] examined the association between ABO blood group and juvenile periodontitis (JP) among 40 adolescents in Nigeria. All 20 patients with JP had Rhesus-positive blood from group B or AB. The remaining non-JP patients had Rhesus-positive or -negative blood from group B, O, or AB. In a study of 45 patients, Kundu et al. [18] found that patients with AP (n = 15) most frequently had group AB (60%) or group O (40%) blood type. Overall, the findings from these studies suggest a possible genetic basis in the association of group AB blood type with incidence of AP, although the small sample sizes of the studies preclude the ability to make definitive conclusions on the relationship.
Association of ABO blood group with incidence of chronic periodontitis (CP)
A few articles found a relationship between ABO blood group and incidence of CP, whereas other studies found no such association. Differences between studies were attributed to geographical diversity between populations. Four studies [3, [18] [19] [20] found that periodontitis was more common among patients with blood group O, whereas the fifth study [21] found an association with blood group B. Pradhan et al. [22] failed to show any significant association between blood group and PD.
Differential secretion of blood group antigens ABO (H) in the tissues may be a factor influencing the development of systemic oral diseases [23] . Differentiation and maturation of cells in the stratified epithelium influence the expression of different histo-blood group antigens. Basal cells express A/B precursor carbohydrate chains, whereas A and B antigens are more commonly found in the spinous cell layer. Expression of blood group antigens also depends on the differentiation patterns of keratinized versus non-keratinized epithelium. Keratinized squamous epithelium rarely expresses A or B antigen, with most spinous cells expressing the precursor H antigen. In non-keratinized epithelium, including the buccal mucosa, most spinous cells express A and B antigens, rather than precursor H antigen. In the oral tissues, the presence of A/B transferases and their substrates determines the expression of A/B antigens [23] .
Suggestions for future research
Four previous studies [2, [17] [18] [19] found that blood group O may act as a predictive factor for PD development. For definitive establishment of this role, multicenter collaborative studies are needed. These studies should include diverse population groups from multiple geographic regions and should explore whether there is any genetic basis for the relationship. Detailed analyses of the interaction of the gingival epithelium with RBC surface antigens may provide new insights into the association between ABO blood groups and PD. Animal models of the ABO genes could be used to confirm the possible correlation of blood groups with PD. Results from this literature review indicate that this relationship has yet to be investigated in detail.
Conclusions
Based on our review of the literature, we conclude that ABO blood subgroup and Rhesus factor could be considered as risk predictors in the development of PD. The ABO blood group must be included in the electronic medical record for blood transfusion purposes and could be useful for further correlations with PD for research purposes.
